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Abstract 

We consider a deformation of three dimensional BF theory by means of the antifield 
BRST formalism. Possible deformations for the action and the gauge symmetries are 
analyzed. We find a new class of gauge theories which include nonabelian BF theory 
higher dimensional nonlinear gauge theory and topological membrane theory. 
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1 Introduction 



The nonlinear gauge theory in two dimension are proposed in |T]|. It is one of Schwarz type 
(or BF type) topological field theory p| and has the gauge symmetry which generalize the 
usual nonabelian gauge symmetry. This theory was independently analyzed by Schaller and 
Strobl|3|] by the Hamilton formalism. 

This theory has some applications. One of them is two dimensional dilaton gravityjlj [[| ■ 
Recently, it is related to the string theory and a star product deformation theory. Cattaneo 
and FelderfU have considered this theory on two dimensional disk. They obtained the path 
integral representation for the a star product on the Poisson manifold which was introduced 
by Kontsevich in ||. The star product structure in the open string theory with non-zero 
background Neveu-Schwarz B- field appears essentially at the same mechanism [[?[]. 

Izawa|| has recently analyzed the nonlinear gauge theory from the viewpoint of a defor- 
mation of the gauge symmetry |)|]. He found that two dimensional nonlinear gauge theory is 
the unique consistent deformation of two dimensional abelian BF theory. He also found a 
higher dimensional nonlinear gauge theory. 

In this paper, we make a similar analysis in a higher dimension, in three dimension, 
and find deformations of the abelian BF theory! which give new nontrivial extensions of the 
nonabelian gauge symmetry and nonlinear gauge symmetry. We find all deformations with 
a Lie algebra structure in three dimension. It includes a higher dimensional nonlinear gauge 
theory proposed in ||. 

The key in nonlinear gauge theory is the nonlinear gauge symmetry 5 Nh on the fields: 

W« = W ba e\ S N ,h a = de a + ^h b e c , (1) 

0(f>a 

where a, b, etc. are Lie algebra indices (or the target space indices). (fi a is a scalar field, h a 
is a one-form gauge field and W a b((p) = — Wb a {4>) is an arbitrary function of 4> a . W a b{(j>) must 
satisfy the following identities: 

dW ab ^ dW cau/ 

-wr-Wcd + -r—W ad + -^r—Wbd = 0, (2) 



^Dayi have analyzed a deformation of the BF theories in a special case in |To|. 
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in order for ([]]) to be a symmetry of the theory. This Eq.(0) is just the Jacobi identity if the 
following commutation relation holds: 

[(pa,(p b ] = W ab ((P). (3) 

The commutation relation on the left hand side is realized as the Poisson bracket of the 
coordinates (fi a and 4>b on the Poisson manifold [[J. That is, W a b in © define the Poisson 
structure. 

In two dimension, the action possessing the gauge symmetry (p]) is uniquely given by 

S = J A C = h a d<p a + ^W ab h a h b . (4) 

This paper is organized as follows. In section 2, we consider a deformations of three 
dimensional BF theory by means of antifield BRST formalism and construct a deformed new 
gauge theory. In section 3, we discuss the relations with the known theories. 



2 A Deformation of Three Dimensional BF Theory 

In three dimension, abelian BF theory has the following action: 

S = J(A a Ad(j) a + B a Adh a ), (5) 

where (p a is a 0-form 'adjoint' scalar field, h a and B a are a 1-form and A a is a 2-form gauge 
field. Indices a, b, c, etc. represent algebra indices. We can consider the more general term 
A a A g((p) a b d(f)b in the action, where g{(fi) a b is a function of 4> a and similar one for the B, h 
term. Then if we redefine A a as 

A al = (g-'r^A", (6) 

we can obtain A al A d<frb- It is similar for the B, h term. 
It has the following abelian gauge symmetry: 

5 0( p a = 0, 5 h a = d Cl \ 5 oCl a = 0, 

SoB a = dC2 a , <5o c 2a = 0, 

5 A a = dc 3 a , S c 3 a = dv a , 5 v a = 0, (7) 
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where c\ a , c 2a are O-form gauge parameters and c 3 a is a 1-form gauge parameter. Since A a is 
2-form, we need a 'ghost for ghost' O-form v a . 

In order to analyze the theory by the antifield BRST formalism, first we take Ci a , c 2a and 
C3 a to be the Grassmann odd FP ghosts with ghost number one, and v a to be a the Grassmann 
even ghost with ghost number two. Next we introduce antifields for all fields. Let $* denote 
the antifields for the field $. The Batalin-Vilkovisky action which includes the antifields is 
given by 

5bf = Sq + Si, 

Si = J (h* a A d Cl a + B* a A dc 2a + A* a A dc 3 a + c* 3a A dv a ). (8) 

From this, the relations deg($*) + deg(<I>) = 3 and gh($*) +gh($) = —1 are required, where 
we define deg($) and deg($*) as the form degrees of the fields $ and $* and gh($) and 
gh($*) as the ghost numbers. The BRST transformation can then be defined by 

5 $ = ($,s BF ), 5 $* = (<r,s BF ), (9) 

where (•, •) is the antibracket 

(10) 

for any field A and B. This transformation reproduces the gauge transformation ([?]) for the 
fields. Indeed the BRST transformation are obtained from (§) and (H) are given as follows: 

5 <j> a = 0, 5 h a = d Cl a , 
5oB a = dc 2a , 

5 A a = dc 3 a , 5 c 3 a = dv a , 
5 (j)* a = dA a , 5 h* a = -dB a , 5 A* a = -d<j) a , 
5 B* a = -dh a , 5 c* la = -dh* a , 5 c* 2 a = -dB* a , 
$oc* 3a = dA* a , 5 Q v* a = dc* 3a , 

5 & = 5 &* = 0, for otherwise. (11) 
In the following table, we show the form degrees and the ghost numbers for all the fields. 
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The column and row correspond to the form degree and the ghost number, respectively. 



-3 
-2 
-1 

1 
2 







1 



ci a , c 2a 
v a 



°3a 

A* B* a , h* a 
h a ,B a A a 
c 3 a 



c la> C 2 



Let us consider a deformation to the action S BF perturbatively, 

S = S BF + gS 2 + g 2 S 3 H = S + S 1 + gS 2 + g 2 S 3 H , 

where g is a coupling constant. The total BRST transformation is deformed to 

5$ = ($,5), 5$* = ($*,£). 



(12) 



(13) 



In order for the deformed BRST transformation 5 to be nilpotent, the total action S has to 
satisfy the following master equation: 



(S, S) = 0. 



Substituting (|T|) to (0), we obtain 



(S, S) = (S BF , S BF ) + 2g(S 2 , S BF ) + g 2 [(S 2 , S 2 ) + 2(S 3 , S BF )] + 0(g 3 ) = 0. 



(14) 



(15) 



We solve this equation order by order. (^S^f — (^bf^bf) = from the definition. At the 
first order of g in the Eq. (|i~5|), 



5qS 2 — (S 2 , S 
is required. ^2 is given by the Lagrangian: 

^2 = / a 3 , 



0, (16) 



(17) 

where 03 must be a 3-form. A deformation of the Lagrangian 03 should obey the following 
descent equations: 

S a 3 + da 2 = 0, 
5qCl 2 + ddi = 0, 
5odi + da = 0, 

S a = 0, (18) 
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where ao is a O-form with the ghost number 3. where 5o cohomology on S is defind up to the 
terms proportional to the equations of motion. Because their terms can be eliminated by the 
field redefinitions and these are trivial deformations 0. 
Since <5oao = 0, it should have the form 

a = -fi ab (<P)v a Cl b - f 2a b (<P)v a c 2b 

-\habc{.^)Ci a C 1 h C 1 C - \fiab C {.<P)Ci a C l b C 2c 

2 

4/5a 6C (0)Ci a C 2b C 2c - \h abC {<P)c 2a C 2b C 2c , (19) 

2 o 

up to the BRST trivial terms. f lab , f 2a b , f 3abc , f 4a b c , h bc and f 6 abc are functions of (fi a to be 
fixed later. f iab c = -f 4ba c , f 5a bc = -fa a cb , and f 3abc and fg bc are completely antisymmetric 
with respect to a, b, c. Here there are not the metric dependent terms such as f a b{4 , )d tJ, v a d fl ci b 
in ([19]). Because these terms are proportional to the equations of motion and trivial in 
cohomology. 

Solving (|18|) using (|TTD, 03 is obtained as follows: 

— - - f lab A* A* A*T a r b I - f lab ( r* A*n a r b 4- - A* A*r, a r, b — - A* A*u a h b \ 

' 6 d<p c d<p d d<p e AeAdAcV Cl + d<p c d<p d V 3d c 1 + 2 AdAc ° 3 Cl 2 AdAcV k ) 



+^ L (v* c v a c 1 b + c* 3c c 3 a Cl b - c* 3c v a h b + A* c A a Cl b + A* c c 3 a h b - A* c v a B* 

u(p c 

+fiab(-<P* a c 1 b + A a h b + c 3 a B* b + v a c* b ) 

-ldBk A:Amb + H£ H^ c - + W^ b - W> aB ) 

+^r( v > a ^ b + c 3c c 3 a c 26 - c* 3c v a B b + A* c A a c 2b + A* c c 3 a B b - A* c v a h* b ) 



+ f2a\-<P* a C 2b + A a B b + C 3 a h* b + V a C { 



b) 



1 3 f 3abc _ A * A * A * dCi a Ci b Ci C + |^£. (_ ±_ c * eA * dCi a Cl b Ci C _ l A * eA * dh a c b Cl C 



36 30 d <90 e <% d^ d d<j> e U jeai " 4 

9f 3 abc f^-__*_ a 6 c ^ * i,a„ ft c ^ /|*d*i„ b„ c i ^ A*u&ub„ c 



6 a 2 oa 2 a 2 



I2d(j) d d(t) e d4>f' 



+lr%f (4 c 3 e ^i Vc 2c - l -AlA d h a Cl b c 2c - -AlA d c 1 a c l h B c 
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+ l -A d h a h b c 2c - A d h a Cl b B c - ^A dCl a Cl b h^j 

+hab c (c* 2 a Cl b c 2c + B* a h b c 2c - B* a Cl b B c + l -h a h b B c - h a Cl b K + -ciVc^) 

~ To n2 n2 a2 A)A* e A d ci a c 2h c 2c 
12 d(p d d(p e d(pf 1 

o2 j? be / i i i \ 

1 * 1 * * a 1 

-v d ci a c 2b c 2c — -c* 3d h a c 2b c 2c + c* 3d ci a B b c 2c — -A* d B* a c 2b c 2c + A* d h a B b c 2c 
-A dCl a hlc 2c + ^c^B^) 

+/ 5 a bc (^cfc 2b c 2c + B* a B b c 2c - fr%c 2c + ~h a B b B c - Cl a c* lb c 2c - Cl a h* b B^ 
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1 9^ f a ^ c f a ^ c ( 1 1 

Q j^ a ^ c /\ \ \ \ . . \ 

-^v* d c 2a c 2b c 2c — -c* id B a c 2b c 2c — -A* d h* a c 2b c 2c + -A* d B a B b c 



,c 2b c 2l 



+h abc Qei a c 2b c 2c + KB b c 2c + ^B a B b B c )j , (20) 

where the BRST trivial terms are dropped since their terms do not deform the BRST trans- 
formation. At the second order of g, 

(S 2 ,S 2 ) + 2(S 3 ,S BF ) = 0, (21) 

is required. We cannot construct nontrivial S3 which satisfies (|21| ) from the integration of the 
local Lagrangian. Therefore if we assume the locality of the action, we find Si = for i > 3. 
Then the condition ([H]) reduces to 

(S 2 ,S 2 ) = 0. (22) 
This imposes the following conditions on the above equations fc, i — 1, • • • , 6: 

flaef2b + f2a e flbe = 0, (23) 
7 fleb 77— flee + flaef^ + fiafzebc = 0, (24) 

d(p e d(p e 

— fleb- 1" fle C —^2 ^ haehb^ ~ fla fteb = 0, (25) 
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/2e [b ^ + flaeft + hake" = 0, (26) 

f dficd] p a dfsbcd , af e < f f ae _ n /o>7\ 
Jle[b—^- he —^1 r J4e[b Hcd] + J3e[bcj5d] ~ U, 



j e vfe 



p ^/Sc] f \ a ^fibc f p e ad , r Id f ale , f e r ad _ n 

Jle[b— r J2e <~ J3ebcJ6 T J4e[b J5c] + Jibe Jbe — U, 

a f acd a X cd] 
/• 6 /■ \a^J5b . p \ a r cd\e • r lac r die n 
Jleb^T, he -TT2 H J4eb /6 + J5e j5o — U, 



(28) 
(29) 



f2e [aJ £— + k e[ab he Cd] = 0, (30) 
fle[a ^ • + fi[ab e f-icd]e = 0, (31) 

where [■ • •] represents the antisymmetrization for the indices. For example, $yi = $ a b — $b a 
Now we have obtained possible deformation of three dimensional BF theory. The deformed 

Lagrangian is (20) and f^s satisfy identities fl23|) - (|31|). The concrete transformation on each 

field is listed in the appendix. We set g = 1 in the later part of the paper. 

If we set all antifields $* = in (|17|), we obtain the usual classical action, we can write 

down it explicitly as 

S= I £ 



C = A a A d4a + B a A dh a + f lab A a h b + ha b A a B b 

1111 

+-f3ab c h a h h c + -f4ab c h a h B c + -/ 5a c h a B b B c + -/ 6 a c B a B b B c . (32) 
o z z o 

There is a global symmetry — > <fi + constant in (||). However generally the deformed action 
(^2]) does not have such symmetry. 

The equations of motion of this theory are 

dcf> a + habh b + f 2a b B b = 0, 

dh a + f 2b a A b + ^h bc a h b h c - hb ac h h B c + \h ahc B b B c = 0, 
dB a + f\ ba A b + -f3ab c h b h c + f4ab C h b B c + -f<aa bc B b B c = 0, 

d(p a 8(p a 6 30 a 

4^^^ + \ d ~^f hbB ^ + l^ B ^B d = 0. (33) 
2 <90 a 2 <90 a 6 <9</> a 
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The BRST transformation 5 on each field is calculated to be: 

<50a — —flabC\ b — f 2 aC 2b) 

5h a = dc 1 a + f 4bc a h b c 1 c + f Bb ae c 1 b B c 

-M ac h b c 2c + h abc B b c 2c - f 2b a c 3 b , 

5B a = +fzabch b C\ C — fiab C C\B c 

+dc 2a + Uab C h b C 2c + ha C B b C 2c - f lba C 3 b . 

6A« = ^AW+\^h b h c Cl d -^h b ^B d + l -^ Cl b B c B d 
d(p a 2 d(p a d(p a 2 d<p a 

df 2b c Ab „ l<9/ 46c d , 6 , c „ d.hb c \ bTD „ 1 <).l\ 



ocp a 2 dc/) a d(p a 2 d(p a 

+ dc * a + ^^ h ° + ^f^^ (34) 

0(pa 0(p a 

We have obtained the above BRST transformation systematically by the antifield BRST 
formalism. Therefore (Bl) is the complete set of the BRST, that is, the gauge transformation. 
Generally, ([34]) is nilpotent only on shell. That is, the algebra of the symmetry is an open 
algebra. 

We now consider the gauge symmetry algebra to understand the role of /j's simply. We 
replace the ghost fields ci a , c 2a and c 3 a to gauge parameters ei a , e 2a and £3". Then we obtain 
the usual gauge transformation. We decompose the gauge symmetry as 

5 = ei% a + 62^ + 63^. (35) 

Then the commutation relations of the algebra generators Si a , 5 2 a and S 3a are derived from 
(0) and © as follows: 

[Sla, Sib] « hab C S lc + W 2 C - ( %V + ^B d ) 5 3c , 



[Sia, S 2 b ] « h bc h c - f 4ac % c + ( %V - ^B d ) 5 3c 



I pi f ab a £abd \ 

[h\ 5 2 b ] « k abc h c + hc ab h c - i-^h d + -j^B d \ 5 3c , 

0(pc 
<90 c 

[<J 3 a,*3 6 ]«0. (36) 
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Here, ~ means that the identities are satisfied only on shell, that is, up to the equations 
of motion. From (0), fi's are thus seen to give the 'structure constants' in this algebra, 
although they actually depend on <p a . Moreover we can see that the conditions (|23|) - (|31~D 
are nothing but the algebra closing conditions and the Jacobi identities on this Lie algebra. 



3 Relations to the Known 3D Theories 
3.1 Nonabelian Gauge Symmetry 

First we consider a simple case. Let only f 4ab c be nonzero among six /j's and be a constant. 
Then the conditions from (|23"D to ([31]) reduce to the following one: 

f4,e[d fibcf = 0, (37) 

This is nothing but the identity for structure constants of a Lie algebra. Then we find that h a 
has well known nonabelian gauge symmetry in fl3"4|) , and the complete gauge transformation 



of the theory is obtained from (34) by setting f 4ab c a constant and the other fa zero. 



3.2 Nonlinear Gauge Theory 

Let W a b be an arbitrary a, b antisymmetric function of (p a . We take fi a b = W abj f 4 ab c = 



and other /j = 0. Then (^3|) - (|3T|) reduce to (||): 

^-+^-+^- = 0, (38) 
d(pd 0(p d d<p d 

and the action ( |32| ) coincides with the higher dimensional nonlinear gauge theory ||. Moreover 
([34]) give us the complete gauge transformation on this theory. 



3.3 Chern- Simons- Witten Gravity 

Let us take f^ = e a b c , f§ bc = Ae abc and other /j = 0, where e abc is three dimensional 
completely antisymmetric tensor and A is a constant. Then ( p3|) - ( pT|) are trivially satisfied. 
We rewrite u> a = h a , e a = B a for clarity. Then the action ( p2|) becomes 

C = A a A d(j> a + e a A du a + \e ab c u a u h e c + ^e abc e a e b e c . (39) 

2 o 
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A a and (j) a completely decouple from the other fields. The remaining terms with e a and uj a are 



the Chern-Simons-Witten gravity action with a cosmological constant A [11]. We find that e a 



is a dreibein and tu a is a spin connection. The gauge transformation fl34j) reduces to 

Ha = 0, 

5u a = d Cl a + e bc a u b Cl c + Ae abc e b c 2c , 

Se a = -e ab c ci b e c + dc 2a + e ab c uj b c 2c 

5A a = dc 3 a . (40) 



The transformation of u a and e a are the gauge transformation founded in [] I 



This theory also has the following the general coordinate and local Lorentz symmetry: 

$G(pa = -U X d X (j) a , 

,A, , a „,Aq , ,a j „a , a, ,6„c 



J G u; a = — du uj\ a - u d\UJ a - ds a - e bc a u b s c , 

^ G e a = -du x e x a - u x d x e a - e ab c s b e c , 
1 

— < 

2 



5 G A a = --dx» A dx l, (d lx u x A v \ a + d u u x A^ x a + u x d x A^ a ), (41) 



where e a = dx^e^a, ^ a = dx' 1 u> fl a , A a = \dx^ A dx u A flu a . -u M and s a are the general coordinate 
and local Lorentz transformation parameters. We note that ( |40"D and (|4l"| ) are redundant 
gauge transformations. If we turn on fx or / 2 , we can modify the action (^) and couple A a 
and a with u a and e a . However it is an unusual coupling and generally the general coordinate 
and local Lorentz symmetry of uj a and e a in flHf ) break down. Thus we cannot interpret u a 
and e a as the spin connection and the dreibein in this case. 



3.4 Two-brane 

Two dimensional nonlinear gauge theory (§]) has been related to the string theory. If there is 
the inverse of W ab , we can integrate h a out, and then, Then we obtain 

£ = —(W-^Wadfa. (42) 
This is the Neveu-Schwarz B-field part of the string world sheet action. 
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M-theory contains a two dimensional extended object. Its world volume action is three 
dimensional field theory. When there is a nonzero 3-from C abc , its bosonic part is written as 

S = ~t(J d 3 x v /det(-^) + I J C abc d(f) a d<p b d<p c , ) , (43) 

where = d^<p a d u A - 



iabc 



Now we consider 3-form field C part in the world volume action, which is 

S = L f C^dfadfodfc, (44) 



3! 

where C abc can generally depend on (fi a . This action can be rewritten to the first order form 



by introducing auxiliary fields r/ a and A a [|T2 



Sbsz = J (a° A (# a - ry a ) + ^C abc rj aVb rj c ^ , (45) 
where rj a is a 1-from and A a is 2-form. If we redefine rj a as 

% = -W ab h b , (46) 

then ( |4o] ) becomes 

S BSZ = J (yA a A (# + V^ afe /i 6 ) - Ic^W^WfteW,/^^^) . (47) 



Eq. (^7|) can be obtained by the following procedure from our action (p2|). We can introduce 
a coupling constant t by redefining S a to tB a . We take the limit t — > in the action 
Then (0) coincide with (0) if we identify f lab = W ab , f 3abc = TW ad W be W cf C de f . The theory 
at finite t has been unknown so far and is quite new one. 



4 Conclusion and Discussion 

We considered all possible deformations of three dimensional BF theory by the antifield 
BRST formalism. It led us to a new gauge symmetry and a deformed new action, which 
includes any gauge symmetry deformation with a Lie algebra structure. 

This gauge symmetry give an extension of the nonlinear gauge symmetry [l|] , and the action 
includes the three dimensional nonabelian BF theory, three dimensional Chern- Simons- Witten 
gravity theory and topological two-brane theory with nonzero 3-form C abc . 
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Higher dimensional extension of our discussion is straightforward, It is interesting to in- 
vestigate possible deformations of the BF theory in various dimension. 

It will be possible to make the discussions analogous to Cattaneo and Felder || , and then 
this theory may be related to a star product deformation theory or its extension. It will be 
also useful to examine possible relations with the M2 and M5-branes in M-theory. 
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Appendix 

The total BRST transformation on all fields without antifields are derived from (|13|) as follows: 



^4>a — ~flabC\ b — f 2 aC 2b ^ 

5h a = dc l -^Alv h -f 2b a c 3 h + \^^A* d c 1 h c 1 c + hbo a h h c 1 c 
o(Pc 2 d<p d 

a £ ac i abc 

-^-A* dCl b c 2c - hb ac h b c 2c + f 5b ac Cl b B c + ^-A* d c 2b c 2c + f 6 abc B b c 2ci 
d(j) d 2 d(f) d 

r tj J i 9 flba A * b r b , ^ 9 fsabc a* b c , r rb c 

6B a = dc 2a + ——A c v - f lba c 3 + - A d d a + habch ci 
d(j) c 2 d(p d 

+^lA dCl b C2 c + hab c h b c 2c - hab c c, b B c + \ d J^A d c 2b c 2c + f 5a bc B b c 2c , 
d(pd 2 d(j) d 

tiA a - dr a 1 d 3 /lde A* A* v d e <^Hcd « c d , & fled A* c d 
O/i — ac 3 - A c A b v c l al fli C 3b v c l ' o7 o7 A b c $ c l 

2 d(j) a d(p b d(f) c d(j) a d(j) b d(j) a d(j) b 

-_p^LA* b v c h d + + ^c 3 b h c - ^v b B* c 



•j a uw b u^ a uw a 



1 d 3 /2/ A*A* v d 92 he * c. I 92 'foe A*. c r 



» a u<p b u<p a u<p b 



. d 2 f 2c d df 2b c b df 2b c b df 2b c b 

d(p a d<p b d(p a dcj) a d(p a 

1 9 3 f3def A*A*.d r e.f 1 ^hede * c A e 1 f 3cde d 

-n^a^bWc b cCl Cl Cl " 6^M 3b l 1 1 " z'dJM'b b 1 
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1 d f 4de f d Id f icd „ d 

4 d(p a d(p b d(f) c 2 d(j) a d(j) b 

d 2 facd e A * uc „ d„ 1 d 2 f Acd e c d 

' Xl ~xl A b h C l C 2e ~ o o, o, A) C 1 C l 

dfibc d u *b„c„ , l df 4bc d b df ibc d b 1 df ibc d b 

1 d 3 f 5d ef d 1 d 2 f 5c de # 

-7 77 o , o 7 AA^l C 2e C 2/ - - C 3fe Ci C 2d C 2e 

4 d(p a d(f) b d(j) c 2d(j) a d(j) b 

-I f)2 £ de pp. t de 

2 <9</> a c% d(j) a d(j) b 

^-df 5b cd b df^ b d/ 56 cd , ldf 5b cd b 

2 o0 a <90 a 90 a 2 d(j) a 



A^ C C 2d C 2e C 2/ - -7777-77-C3 6 C 2c C 2(i C 2e - --—^B^, 



nd^d^r" c 2d 2e 2t Qd^ a d^ b lc id 2e 2d<j> a d<p b 

ScS = / 26 V+^/4 6c a Cl 6 Cl C -/ 56 aC C i 6 C 2c +^/6 a&C C2 6 C 2c 
^C 2a = f lba V b + i/ 3 afc C Cl b Ci C + / 4 ab C Cl 6 C 2c + TjAa^feC^ 

V = ^ - A> V + ^C 3 b Ci C - 

d(p a d(p b d(p a d<p a 

d2 hc d ,» c df 2b c b df 2b c b 

_ n; o, A b V C 2d + 77 C 3 C 2c — — V tf c 

d(p a d^ b d4> a d(p a 



1 d 2 f 3cde c r d r e 1 dfsbcd h d 

~7 xl 77 ^tA Ci Ci — -— — — ft Ci Ci 

Qd(p a d(p b 2 (90 a 

I5^c/ c d df 4bc d b 1 df 4bc d b 

-77 777 777 A, C 1 Ci C 2e 77— ft Ci C 2d - - Ci Ci #d 

2d(p a d(p b d(p a 2 d(f) a 

1 d 2 f 5c de ldf 5b cd , b df 5b cd b 

-77 777 777 A,d c 2dC 2e - ^^r—h c 2c c 2d + -w—ci B c B d 

-7 777 777 A C 2cC2dC2e ~ 77 777 B bC 2c C 2d , 
6d(p a d(p b 2 d(p a 

x a dflbc b c df 2b C b 1 df 3bcd b d 1 9/ 4fcc d 6 

* U = ■TTT""^ Cl + -W—V C 2c + Cl Ci Ci + --£-7— Cl Ci C 2d 

0(pa 0(p a 6 8(p a 2 3(f) a 

Id fa* b ldf 6 bcd 

+ 77 777 Ci C 2c C 2d + - 777 C 2b C 2c C 2d . 

2 d(f) a 6 d(f) a 
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